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268 REDDROP AND RAMXUE : 
XXXIV.- Volumetric Estimation of Manganese. 
By JOSEPH REDDROP and HUGH RAMAGE. 
Methods previously employed. 
THE number and nature of the processes for  determining manganese 
in ores, irons, steel, and alloys proposed during recent years show the 
importance of a rapid and accurate method for the determination of 
this element. 
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VOLUMETRIC ESTISIATION OJ?’ MBXGAXESE. 269 
The gravimetric process, so generally described in books, takes 
several hours, and requires almost constant attention ; further, the 
results given by it are liable to  be interfered with by the presence of 
nickel, copper, and certain other elements, which are co-precipitated 
with and generally weighed with the manganese oxide. When these 
foreign substances are previously removed, and the manganese 
weighed as pyrophosphate, there may be considerable error, unless a 
correction is made for the solubility of the ammonium manganous 
phosphate ; moreover, the analysis is very long and tedious. 
Pattinson’s volumetric method is more accurate and much shorter 
than the gravimetric method, but appears to have given different 
results in different chemists’ hands. We have found it an accurate 
and in most respects a satisfactory Process, but it is not well adapted 
for  determining small quantities ; considerable time is required to 
wash the precipitate in the case of large quantities, and the titra- 
tion with pot,assium dichromate is somewhat tedious ; moreover, the 
fumes from the bleaching powder or  bromine water employed are 
decidedly objectionable. Further, nickel, cobalt, copper, and, to a 
much greater extent, chromium, interfere and cause inaccuracies 
(Jour.  Xoc. Chem. Ind.,  1891, 333). 
The lead peroxide colorimetric process is very useful and accurate 
for determining quantities of manganese up to about 2 per cent., as 
in steel and iron directlly, and also in alloys after the separation of 
the other metals. 
Proposed Method. 
As one of us had for a long time sought for a rapid and accurate 
method of analysis applicable to steels and ferromanganese, and had 
experimented with the different processes proposed, although without 
discovering anything satisfactory, a method proposed by L. Schneidor 
(Dhzgl. Polyt .  J., 269, 224) promised so well that a study of it was 
made jointly by us in 1890. After introducing some modifications, 
which, as will be seen from our experiments, add to the accuracy of 
the process, we can now, after four years’ use, recommend it as a 
thoroughly trustworthy method for the determination of manganese. 
It is much shorter even than Pattinson’s process, as, after the dis- 
solution of the sample is effected, the result may be obtained in less 
than 15 minutes. 
Schneider’s method dependa primarily on the fact that in presence 
of a large quantity of nitric acid a manganous salt is rapidly and 
completely oxidised to  permanganic acid by bismuth tetroxide at  
the ordinary temperature. The solution is then filtered through a n  
asbestos filter, and the permanganic acid titrated with a standard 
solution of hydrogen peroxide. 
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The method is very simple in principle, but we soon discoverecl 
that, unless modified, serious errors might be introduced ; with the 
modifications we propose, however, the quantity of manganese can be 
determined t o  within 0.05 milligram. 
Reagents med in the Analysis. 
The necessary reagents are- 
Standard N/10 potassium permanganate. 
5E* nitric acid. 
Hydrogen peroxide, approximately N/10. 
Sodium bismuthate. 
Stnudard Nil0 Potassium Permangnuate.--It is stated by some 
chemists that this reagent decomposes too rapidly for regular use, 
but we have found that i f  prepared from the pure salt this is not the 
case. A solution made in March of last year was carefully titrated 
six months later, when the 2-litre bottle was nearly empty, and the 
error was 0.15 C.C. per 100 C.C. The salt and the water employed 
must be absolutely free from chlorine. The solution is made by dis- 
solving 3.16 grams of the pure salt in water, and diluting to 1 litre ; 
as thus made, it is quite accurate. When not in use i t  should be kept 
in the dark. 
Preparation of 5E Nitric acid.-Take 310 C.C. of pure, colourless. 
nitric acid of sp. gr. 1.42, dilute to 1 litre, and allow it  to stand 
exposed to the air for at least 24 hours, so that the nitrous acid may 
be oxidised. 
Hydrogen Peroxide, approximately N/lO.-Hydrogen peroxide in 
aqueous solution decomposes on keeping, but we find by experi- 
ments (given below) that when dissolved in nitric acid of about 
normal strength it remains almost constant, there being no appre- 
ciable change in a week, even when quantities of from 50 to 100 C.C. 
are titrated. 
The symbol " E " used in this paper is a contraction of the word " equivalent " 
and is employed to denote the number of milligram equivalents of react.ing sub- 
stance contained in 1 C.C. of reagent. Thus, E nitric acid contains 63 milligrams 
HNO, per c.c., 4E nitric acid 4 times this quantity, 1GE acid 16 times this 
quantity, and so on. 16E nitric acid has the sp. gr. 1.4268 a t  15.5" C., but the acid 
sold as sp. gr. 1-42 is employed in all cases as being sufficiently near to the true 
sp. gr. for our purpose. The dilute acids are made by simply diluting 16E acid 
with water to the requisite degree. It will thus be seen that E reagents are made 
on the same principle as the N reagents in volumetric analysis, the only difference 
being in the degree of accuracy with wXch they are made and measured out for  
use. See C,%em. News, 1890, 61, 245. 
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Titrat ed. 
10 5 90. 
Tit rat,ed. 
18.6 90. 
Titzated. 
261 7/90. 
10 C.C. of KMnO, required of liyclrogen 
peroxide, diluted with water. . . . . . . . 
I 0  C . C .  of KMn04 required of hyclrogen 
peroxide, in El10 nitric acid.. . . . . . . 
10 C . C .  of KMnO, required of bydrogril 
pevoxide, in E nitric acid . . . , . . . . .. 
10.9 C . C .  
10.0 ,) 
9.9 ) )  
12-1 C.C. 
10.25 ,, 
10.0 ,, 
A11 the samples of hydrogen peroxide which we have obtained com- 
mercially have been contaminated with chlorides, and this probably 
accounts, t o  some extent at  least, for the slow decomposition which 
takes place in the above nitric acid solution. The presence of chlor- 
ides in the hydrogen peroxide is very objectionable, and if i t  amounts 
to more than traces it interferes with the accuracy of the results. 
We therefore prefer to  prepare the hydrogen peroxide absolutely 
free from chlorine in the following manner. 
Take 3.9 grams of sodium peroxide free from chlorides, and add t o  
500 C.C. of water, then add 220 C.C. of 5E nitric acid, and dilute to 
about 800 C.C. ; the solution will be found to be somewhat too strong. 
I t  may then be titrated with standard NjlO permanganate, and 
adjusted to exactly N/10 hydrogen peroxide if desired. 
Sodium Bis,,zuthate-Schneider uses bismuth peroxide prepared by 
Fremy's method, as follows :-Equal parts of bismuth oxide and potas- 
sium chlorate are first heated together, and then fused with two parts 
of caustic soda. The fused mass is lixiviated with water, and the 
insoluble powder, containing soda and bismuthic acid, is finally 
treated with water containing 5 per cent. of nitric acid, washed, and 
dried a t  100". As this powder retains some chlorine compounds 
which interfere with the accuracy of the analysis, we do not recom- 
mend this method of preparation. We employ the sodium bisniuthate 
prepared without the u s e  of tiny chlorine compound. The preparation 
of this salt with a maximum oxidising power has given us consider- 
able trouble, but we have succeeded at  last by heating 20 parts of 
caustic soda, nearly to redness in an iron crucible, and adding in small 
quantities a t  a time 10 parts of basic bismuth nitrate, previously 
dried in a water oven. Two parts of sodium peroxide are then 
added, and the brownish-yellow fused mass is poured out on an iron 
plate to cool ; when cold, it is broken np in a mortar, extracted with 
water, and collected on an asbestos filter. The residue, after being 
washed four or  five times by decantation, is dried in the water oven, 
then broken up, and passed through a fine sieve. We hope t o  com- 
municate a detailed account of our  work on the preparation in a, 
second paper. O u r  crucibles were made of Farnley iron, as this con- 
VOL. LXVII. P 
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tains only a trace of manganese ; this does not now seem to be of any 
importance, however, as any manganese present in the materials 
employed is converted into sodium permanganate by the fusion with 
excess of sodium peroxide, and is afterwards dissolved and removed 
by t.he water, thus leaving the sodium bismuthate free from manga- 
nese. 
Oxidising Power  of the Sodiuin Bisnzuthate.-This may be deter- 
mined by adding 20 C.C. of the hydrogen peroxide solution to about 
0.25 gram of the sample, and, when dissolved, titrating the excess oE 
hydrogen peroxide with N/10 potassinm permanganate. One gram 
of our preparation has an oxidising power equal to 60 C.C. of NjlO 
reagent. Different batches of the preparation vary slightly in 
strength. 
The Asbestos Filter.-This may be made in the tube form generally 
used, bnt we prefer the Gooch cone, as described in Chem. News, 
1878, 37, 181, and in Blair’s Analysis of Iyon ,  p. 26, Fig. 20. It may 
be prepared and washed in about a minute, and may be used several 
times before it becomes blocked. The asbestos is prepa+ed by tritn- 
rating the fibres in a mortar with strong hydrochloric acid, and, 
after transferring to a beaker, heating on a water bath for  half an 
hour. The portion that remains longest in suspension when the 
deposit is stirred up with water makes the closest filter, but as thcb 
residual bismukh peroxide is comparatively coarse, a satisfactory and 
more rapid filter may be made by selecting the coarser asbestos for  this 
purpose. This must be washed thoroughly free from hydrochloric acid. 
Notes o n  the Method. 
Schneider after oxidising the manganese in a 5E nitric acid solu- 
tion, fitters and titrates with hydrogen peroxide, but we found that 
t h e  permanganic acid decomposed even in an E nitric acid solution, 
and that the rate of decomposition increased with the strength of the 
acid as shown in Table I. 
TABLE I.-Experiments to Determine the &ate of Deco)nposition of N{10 
Permangaiiate in Nitric acid of from Id to  5E Strength, on  Standin;/ 
Three Hours, 20 C.C. of Solution hcing used i?t each case. 
Strength of nitric 
acid. 
Decomposition of 
per in au ganate 
per cent. 
I-.- ---- 
E 
2E 
3E 
4E 
GE 
3 . 5  
4’0 
4 *25 
5 -5 
6 . 5  
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170LUMETRIC ESTIMATION O F  MANGANESE. 273 
We then made experiments t o  ascerhain the rate of the decomposi- 
tion, under the conditions realised in the analysis. The filtrate con- 
taining the permanganic azid resulting from the treatment of 0.11 
gram of ferromanganese containing about 80 per cent. of manganese 
was diluted to 2.30 C.C. and portions were titrated as follows. 
TABLE 11. 
Volume. Volume of H202 required. Time allowed for decomposition. 
50 C.C. 
50 ,> 
50 7’ 
50 ,7 
45 ’, 
15 -45 C.C. 
16-35 ,, 
15-25  ,, 
15‘10 ,, 
13 ‘2 = 14 *7 for  50 C.C. 
These experiments show that all the results obtained by Schneider’s 
method will be below the truth, and further, that  as the time occu- 
pied in filtering varies, the error will also vary. We therefore modi- 
fied the process by allowing the filtrate to drop directly into a measured 
quantity of hydrogen peroxide, which, as we have showniabove, under- 
goes no appreciable decomposition in a nitric acid solution. The 
results obtained by the modi6ed process are, in the analysis of ferro- 
manganese, 0.6 to 0.7 per cent. higher than by Schneider’s method. 
This large difference is partially due to the agitation produced by the 
filtrate falling in drops from the filter. 
We find the best strength of nitric acid in which to oxidise the 
manganese is between 3E and 5E ; we adopt 4E. I n  other wo rds, our 
solution contains one-quarter its volume of nitric acid, sp. gr . 1.42. 
Hydrogen peroxide and permanganic acid may be titrated in any 
strength of nitric acid between 5E and E/5 without error. 
Lead peroxide oxidises only about one-third of the manganese 
present in an 80 per cent. alloy, when substituted for the bismuth 
compound. 
Nitric acid of sp. gr. 1.42 somefinies contains oxides of nitrogen in 
considerable quantity, but if mixed with three times its volume of 
water, and allowed to stand for 24 hours, not more than a mere 
trace remains insufficient to interfere with the working of this 
process. 
The solution, after the analysis, is gensrally colourless, show ing 
that the combined carbon has been completely oxidised. 
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274 REDDROP AXD R - W A G E  : 
PARTICULARS OF THE AXALYSIS. 
I. Ferromanganese (containing over 20 per cent. manganese). 
Dissohtiom of sample.-Weigh out 0.55 gram, place in a flask of 
about 200 C.C. capacity, add 15 C.C. of dilute nitric acid (5E) and boil 
until the sample js decomposed, then add 15 C.C. of nitric acid sp. gp. 
1-42, and boil until the carbonaceous matter clissolves, cool, transfer to 
a 250 C.C. measuring fla,sk, dilute to the mark, and mix, 
Oxidation aiad Titi-ation.--Measure out 20 C.C. of nitric acid, 1.42, 
15 C.C. of water, and exactly 50 C.C. of the ferromanganese solution. 
Cool to about 16" C., add 4 grams of sodium bismuthate, stir for three 
minutes, and allow the residue to settle for  two minutes. Filter 
through a u  asbestos filter, connected with a filter pump, into a flask 
containing 90 C.C. of the hydrogen peroxide reagent, and wash the 
yesidue with dilute nitric acid until the washings are colourless. 
Titrate the excess of hydrogen peroxide with N/10 potassium per- 
manganate, stopping at  the point where a drop colours the liquid 
for at least 30 seconds. Each C.C. of NjlO hydrogen peroxide 
reduced by the filtrate is equal to 1 per cent. of manganese in the 
sample. 
Titration of the Hydrogen Pel-oxide.-" he 90 C.C. of hydrogen peroxide 
used above niay be conveniently measured with a 30 C.C. pipette, and 
its strength determined by titrating 60 C.C. (measured with the same 
pipette) with N/lO potassium permanganate after adding 25 C.C. of 
3E nitric acid, free from nitrous acid. 
11. Spiegel and Silico-Spiegel (containing up to 25 per cent. of 
manganese). 
Dissolution of Spiege2.-Treat 0.55 gram as in the case of ferro- 
manganese, with 15 C.C. of 5E nitric acid, but use only 20 C.C. of t h e  
stronger acid, and dilute the solution to 50 C.C. 
Disso l~~ l ion  of Silico-Spiege1.-Boil 0.55 gram very finely powdered, 
in 20 C.C. of dilute sulphuric acid (P5E) ; if only a, very small residue 
remains, decant the clear solntion and boil the residue with 6 C.C. of 
fresh acid until dissolved. If the sulphnric acid does not attack the 
sample readily, add some strong hydrochloric acid ; when the sample 
is dissolved, add 1 C.C. of sulphuric acid of sp. gr. 1.84, and boil down 
to decompose all the chlorides and completely expel the hydrochloric 
a:id, then add water and dilute to 50 C.C. 
OoLidaiion and Tiiration.--The manganese is oxidised by adding 
2 grams of sodium bismuthate to a liquid containing : 
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VOLUNETRIC ESTIMATION OF' RIAXGANESE. 273 
Spiegel. Silico-spiegel. 
I----/----- ------- 
I 
Of the above solution.. * ' i  
I Nitric acid, 1-42 Water. ...................... I 
...... .............. 
The nitric acid in each is 4E, and the sulpharic acid in the silico- 
spiegel E/2. The filtrate is run into 25 C.C. of hydrogen peroxide 
solution, and the excess of tho latter titrated as in the ferro- 
manganese. 
In the analysis of ferromanganese and spiegel, 0.11 gram of sample 
may be weighed out directly if preferyed, but care must be taken to 
avoid the slightest loss. 
111. Wyought I y o n ,  Steel, a?ad 2 i g  f i o n  (containing less than 5 per 
cent. of manganese). 
DissoZution of samnpZe.-Weigh out 1.1 gram of the sample, and place 
i t  in a boiling tube 1+ inches in diameter; add 30 C.C. of dilute nitric 
acid (5E), and boil. If a part remains undissolved, decant the solu- 
tion, filtering off the carbonaceous matter i f  necessary, and add more 
dilute nitric acid up to 25 C.C. If the sample dissolves completely at 
once, use the 25 C.C. of acid to wash the tube and filter paper. If the 
sample contains much silicon, care must be taken when boiling not to 
concentrate the acid, or the silicic acid mill separate in a form which 
completely blocks the filter. 
O x i d a t i o n  and Tityation.-Cool to  about 16", oxidise with 2 grams 
of sodium bismuthate, and filter into an empty flask. The time of 
filtration should not exceed 15 minutes.* A slight excess of hydrogen 
peroxide is now added, and the excess titrated as in the preceding 
analysis.+ Each C.C. of N/10 hydrogen peroxide reduced by the 
sample is equal to 0.1 per cent. of manganese. 
Expeyiments made to test the accuracy of the rnetlzod. 
A quantity of fei-romanganese was powdered, mixed, and used as a 
Two determinations of the manganese in this sample by 
Q The large quantity of ferric nitrate in the filtrate tends to the decomposition 
both of permanganic acid and hydrogen peroxide, the latter less than the former. 
Where a very accurate result is desired, the analysis should be completed without 
unnecessary delay. 
t I f  the quantity of manganese appears less than 0.1 per cent., transfer the 
filtrate to a Nessler cylinder, and determine the manganese calorimetrically b r  
adding N/lO permanganate to an equal volume of 5E nitric acid in another cylinder 
for comparison. By this method as small a quantity as 0.01 per cent. of manganese 
may be estimated. 
standard. 
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276 VOLUMETRIC ESTIMATION OF XANGAK'ESE. 
the ordinary grarimetric method gave 80.95 and 81.04 per cent. 
respectively. The precipitates however contained oxides of iron, 
copper, and nickel, corresponding to 0.37 per cent of manganese, but 
were free from silica. Deducting these impurities, we get 80.58 and 
80.67 per cent. of manganese respectively, giving a mean result of 
80.63 per cent. Three determinatiocs of manganese by Pattinson's 
method gave 80.7 per cent. in each case. 
The determinations made by the method under examination show 
that it gives results agreeing with the above, and also that within 
wide limits the result is not affected by the extent. to which the 9 0 1 ~ -  
tion is diluted during oxidation and titratioii. 
Standard 
ferromanganeae 
taken. 
I I 
lC. 
per cent. 
I I 
I---I---- ----- 
0.11 gram. 
0.1.1 ) )  
0'11 1,  
0.11 )) 
The strength of the nitric acid was 4E in each experiment, but in 
the first a quantity of acid equal to that neutralised by the sodium 
hismuthate was added in excess of that required to make the solu- 
tion 4E. 
A determination made by Schneider's original method gave 80.07 
per cent., showing the error caused by the decomposition of the per- 
manganic acid during filtration. 
In an experiment made to test the effect of sulphuric acid, O * l l  
gram of ferromanganese, oxidised in 80 C.C. of 4E nitric acid, and 
E sulphuric acid, gave 80.72 per cent. of manganese. When oxidised 
in 80 C.C. of 4E sulphuric acid, with no nitric acid, the result was 
only 73.1 per cent. 
The following experiments show the accuracy of the method in 
determining small quantities of manganese. 
To a solution of 1.1 gram of steel containing 0.07F; per cent. of 
manganese, 6.465 per cent. of manganese was added, making the 
total quantity of manganese equal to 6.54 per cent. The quantitfy 
found was 6.48 per cent. 
I n  a second experiment with steel, in which manganese equal to 
1.00 per cent. was present, 0.99 per cent. was found. 
In  a third experiment with steel, in which 0.1 per cent. was present, 
0-085 per cent. was fonnd. 
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The following experiments were made to test the extent to which 
the metallic impurities, liable to be present in manganese alloys, 
interfere :- 
Per cent. 
Standard ferromanganese .......................... gave 80.69 
7 3  3' with chromium equal to 5 per 
9, 9 9  ,, copper equal to 5 per 
9 9  9 ,, nickel equal to 5 per 
9 9  7 9  ,, cobalt equal to 5 per 
cent. added.. ........ ,, 80.97 
cent. added.. ........ ,, 80.77 
cent. added .......... ,, 80.77 
cent. added.. ........ ,, 80-97 
We also observed that sodium bismuthate when added to a nitric 
acid solution of a salt of chromium, very slowly b u t  completely 
oxidised the chromium to chromic acid. 
In the analysis of ores, kc., of manganese, if will be necessary to 
make a 4E nitric acid solution of the sample free from chlorides, and 
containing not more than E snlphuric acid. The analysis may then 
be made in a manner similar to  those already described. 
In  conclusion we desire to acknowledge our indebtedness to Mr. 
F. W. Webb, Superintendent of the L. and N.W. Railway Works at 
Crewe, for his kind permission to carry out the above experiments 
in the laboratory connected with the works. 
Laboratory, London and North Western, 
Railway, Crewe. 
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